Objective: The objective of this study was to analyse the reversibility of the anticoagulant effect of warfarin by comparing prothrombin complex concentrate (PCC) versus frozen fresh plasma (FFP) in cardiology patients with serious warfarin intoxication. Methods: This was an observational and retrospective study comprising 67 patients (18 in group I [PCC] and 49 in group II [FFP]). The primary endpoint was the reversal of anticoagulant effect of warfarin after 2 and 24 hours of PCC or FFP administration. Comparisons between the groups were made using T-test and Q-square. Multivariate analyses were conducted using logistic regression, and the results were considered significant when p < 0.05. Complementary analysis was performed using the ROC curve, calculating the area under the curve (AUC), and calculating the cut-off score for the relation between PCC (UI/kg) or FFP (ml/kg) and INR reversibility. Results: The medium dose used was 27.6 UI/kg of PCC and 14.5 ml/kg of FFP. Significant differences were observed between groups I and II in the INR reversibility measurements after 2 hours (33.3% vs. 6.1%, p = 0.001) and 24 hours (38.9% vs. 12.2%, p = 0.009) as well as in the occurrence of pulmonary edema (5.6% vs. 42.9%, OR = 11.10, p = 0.04). The AUC for PCC was 0.891 (CI 95% [0.72 -1.0]), and for FFP, it was 0.291 (CI 95% [0.09 -0.49]). Conclusions: PCC is better than FFP treatment in reversing the warfarin intoxication after 2 and 24 hours of administration. Furthermore, PCC showed lower pulmonary edema in cardiology patients.
Introduction
Bleeding in patients using warfarin is common and is often associated with the risk of death. The comparison between the in vivo use of prothrombin complex concentrate (PCC) and frozen fresh plasma (FFP) in cardiology patients remains uncertain. Recent studies have shown superiority of prothrombin complex concentrate (PCC) over frozen fresh plasma (FFP) administration in situations, such as in surgical patients or patients with intracranial bleeding, reducing transfusion requirements and even mortality [1] - [9] . Furthermore, PCC reduces the risk of transmission of infective agents. However, PCC can be associated with a higher incidence of thrombogenic events, which is a concern for cardiology patients with atrial fibrillation or prosthetic valves.
The objective of this study was to analyse the reversibility of the anticoagulant effect of warfarin by comparing PCC versus FFP in cardiology patients with serious warfarin intoxication.
Methods

Study Population
This study was an observational, unicentric and retrospective data bank analysis study performed in a tertiary health centre involving 67 patients, conducted between January 2015 and January 2016. The study included all patients with serious bleeding related to warfarin use when the prothrombin time/INR values were more than 20 or upon occurrence of haemorrhagic stroke, haemorrhagic shock, retroperitoneal bleeding, a decrease of 2 mg/dL in the haemoglobin levels, or a transfusion of 2 or more red blood cell concentrates. There were no exclusion criteria.
Patients were divided into two groups, the patients who received PCC (group I, n = 18) and the patients who received FFP (group II, n = 49). In addition to PCC or FFP, all patients received vitamin k (10 mg EV) within the first hour.
Reversibility was achieved when INR < 1.5.
The study was approved by the ethics and research committee, and informed consent was obtained from the patient or a family member in all cases. This study was registered in clinicaltrial.gov as ROAD-BRAZIL Registry-NCT02753023.
Analytical Methods
The following patient data were obtained: age; sex; weight; heart rate; systolic arterial pressure; medications used; platelet count; and the creatinine, C-reactive protein, and haemoglobin levels. The patient's histories of smoking, alcoholism, diabetes, systemic arterial hypertension, dyslipidemia, atrial fibrillation, heart failure, stroke, recent surgery, and implantation of prosthetic mechanical valve were also considered. The INR at admission, left ventricle ejection fraction, red blood cell transfusions, administration of endovenous fluids and the use of vasoactive drugs were also noted ( Blood was sampled immediately after admission before administration of medications (baseline) and after 2 and 24 hours of drug administration, according to the institutional protocols. The PCC used was an octaplex (Octapharma Inc., Switzerland).
Statistical Analysis
Descriptive analysis of the data collected includes the median and the minimum and maximum values. Comparison between the groups was made using T-test and Q-square. If the Kolmogorov-Smirnov tests confirmed normal distribution, continuous variables were summarized using the mean ± standard deviation and were compared using Student's t-test for independent samples. The MannWhitney U test was used to compare continuous variables if they were not nor-
The multivariate analyses were performed on the clinical outcomes by logistic regression only if significant univariate analyses were observed. The results were considered significant when p < 0.05. As shown in Table 1 , the variables include all baseline characteristics with significant differences between the groups.
Complementary analysis was conducted using the Receiver Operating Characteristic (ROC) curve, calculating the area under the curve (AUC) and calculating the cut-off score for the relation between PCC (UI/kg) or FFP (ml/kg) administration and INR measurements after 2 and 24 hours. The confidence interval used was 95%.
All statistical analyses were performed using statistical software program SPSS v10.0.
Results
The median age of the participants was 68 years, and approximately 37% were male patients with a median left ventricle ejection fraction of 52%. The most common case of bleeding was upper gastrointestinal bleeding (31.7%), followed by muscular (24.4%), urinary (18.1%) and intracranial (13.2%) bleeding. The medium dose used was 27.6 UI/kg for PCC and 14.5 ml/kg for FFP. The median CHADSVASC score was 3.2, and the HASBLED score was 1.2.
We observed significant differences between groups I and II in the prevalence Table 2 . 
Discussion
In this study, we present results that are different from those suggested by the recent data. According to our results, the use of PCC lowered the INR measurements more than those of FFP after 2 and 24 hours of administration and with more regularity and predictability. The number of thromboembolic events did not increase with PCC administration, and a reduction in pulmonary edema was observed.
Karaca et al. [2] in 2014 published a prospective study, which included 40 pa- In another retrospective study published in Germany, 50 patients requiring urgent oral anticoagulation reversal or management of perioperative coagulopathic bleeding received PCC treatment (median dose of 1500 UI). The median PT value decreased from 2.8 to 1.5 (p < 0.001) after PCC administration. There were no major bleeding and thrombotic events related to the surgeries. Furthermore, a correlation was observed between the use of PCC and stabilization of the median arterial pressure [7] . This study demonstrated the safe use of PCC in surgical patients using warfarin. Under some circumstances, the use of PCC showed complete reversal of the anticoagulant effect of warfarin, demonstrating that PCC is an ideal choice for managing the effects of warfarin.
Similarly, in 2016, Cappabianca et al. [12] , compared the use of PCC (median dose 1500 UI) and FFP (median dose 2 U) to manage bleeding after cardiac surgery in an observational study with 225 patients. They observed less blood loss with the use of PCC (836 ml) than with FFP (935 ml) (p < 0.0001). The use of PCC was related to less red blood transfusion (OR = 0.5; 95% CI 0.31 -0.80) but higher acute renal failure (OR = 1.44; 95% CI 1.02 -2.05). Mortality was the same for both PCC and FFP [12] .
Although PCC has been associated with better reversal of coagulopathy induced by warfarin, the impact of PCC on real clinical outcomes is not clearly demonstrated [8] [9] [13] . In 2014, Fong et al. [9] in a historical cohort study compared patients with intracranial haemorrhage related to warfarin who received either PCC or FFP. After 24 hours, the median INR value changed from 2.8 to 1.2 upon PCC administration. The rate of neurological deterioration was 17.4% with PCC compared to 45.5% with FFP (p = 0.027). The mortality rate was also lower with PCC administration, but the difference was not significant.
There were no thrombotic problems [9] . How FFP is not a pure composite, maybe other substances could disturb coagulation properties, becoming it less effective.
To compare the clinical outcomes of PCC and FFP treatments, a group in New Zealand used an improved reversal protocol in patients with intracranial haemorrhage. The data from 88 patients with median INR value 2.9 were analysed, and a higher reduction in mortality rate was observed with PCC than with FFP administration (HR = 0.25, p = 0.01). When PCC was administered sooner, the benefits trended to be higher [8] .
Our work did not show a reduction in mortality rate, possibly due to the small number of patients participating in the study. Nevertheless, the incidence of pulmonary edema was higher with FFP than with PCC in the cardiology patients at the tertiary complex centre where the study was conducted.
Although the dose of PCC (27.6 UI/kg) used in this study was lower than the dose (35 -50 UI/kg) established for the full effect, its influence on anticoagulation reversal was better than the effect of the full dose of FFP (14.5 ml/kg). Similar results were reported by a retrospective study involving 103 patients with warfarin intoxication who received only 1,000 UI of PCC, which was considered a sub-optimal dose. The INR values were reduced to less than 1.5 and between 1.6 and 2.0 for 48.1% and 43.7% of the participants, respectively. Bleeding stopped in 83.5% of patients [14] . In our study, patients that used PCC had lower haemoglobin levels and more previous thromboembolic events, showing higher complexity and morbidity than FFP group. Even so, mortality rates were the same between groups.
A limiting factor in the widespread use of PCC has been its high cost. A cost-effectiveness analysis of UK National Health Service showed that in patients with warfarin-related bleeding (intracranial, retroperitoneal or gastrointestinal), the use of PCC comprises only 15% of the total cost of treatment. The cost per life-year gained was estimated to be £1000 to £2000 [15] . Therefore, despite the higher initial cost of PCC, its use could be encouraged because of the increased overall cost-effectiveness, safety, better reversal effect and favourable prognosis.
Limitations
This study has some limitations, such as the design was observational and had a small number of patients. The groups were different in some baseline characteristics. Additionally, we did not control the doses of PCC or FFP that the patients received. All medications used in the patients were administered according to the preference of the physician. The rationale behind which medications were administered was not described. Furthermore, this study was not designed to describe clinical outcomes.
Conclusion
In summary, PCC is better than FFP in reversing warfarin intoxication after 2 and 24 hours of administration. Furthermore, PCC showed lower pulmonary edema in cardiology patients.
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